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(57) ABSTRACT

An electrical connector includes a body having a tongue, a
row of first terminals mnsert-molded 1n the body, a depressed
slot, and a positioning slot. The tongue includes a first surface
having multiple receiving slots. Each first terminal has a
contact portion accommodated in the receiving slot and
exposed from the first surface. The first terminals 1include a
pair of differential signal terminals and multiple non-high-
speed terminals. The depressed slot 1s depressed from the first
surface, located between contact portions of two differential
signal terminals, and in communication with two adjacent
receiving slots. The positioning slot 1s depressed from the first
surface, located between contact portions of two adjacent
non-high-speed terminals, or of adjacent non-high-speed ter-
minal and differential signal terminal, and 1n communication
with two adjacent recerving slots. The length of the position-
ing slot 1s less than the length of the depressed slot.

19 Claims, 7 Drawing Sheets
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ELECTRICAL CONNECTOR FOR
TRANSFERRING HIGH FREQUENCY
SIGNAL

CROSS-REFERENCE TO RELAT
APPLICATION

s
w

This application claims priority to and the benefit of, pur-

suant to 35 U.S.C. §119(e), U.S. provisional patent applica-
tion Ser. No. 62/024,728, filed Jul. 15, 2014, entitled “ELEC-

TRICAL CONNECTOR.” by Ted Ju, which 1s incorporated
herein 1n 1ts entirety by reference.

Some references, i any, which may include patents, patent
applications and various publications, may be cited and dis-
cussed 1n the description of this invention. The citation and/or
discussion of such references, 1f any, 1s provided merely to
clanify the description of the present invention and 1s not an
admuission that any such reference 1s “prior art” to the mven-
tion described herein. All references listed, cited and/or dis-
cussed 1n this specification are incorporated herein by refer-
ence 1n their entireties and to the same extent as if each
reference was individually incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to an electrical connector, and
particularly to an input/output connector for transmitting a
high-speed signal.

BACKGROUND OF THE INVENTION

Serving as a standard input/output interface, a universal
serial bus (USB) interface has been widely applied to various
clectronic devices. As the USB transmission rate 1s gradually
improved, differential signal terminal pairs are correspond-
ingly used 1n a USB connector to transmit a high frequency
signal. Currently, a USB connector generally includes a body
made of plastic and two rows of terminals disposed in the
body. The body includes a base and a tongue extending for-
ward from the base. The two rows of terminals are respec-
tively disposed on upper and lower surfaces of the tongue, and
cach row of terminals includes a differential signal terminal
pair. Two adjacent terminals of a same row of terminals are
separated by a plastic material. In this type of structure, the
differential signal terminal pair 1s surrounded by a lot of
plastic, the attenuation action of plastic on the high frequency
signal 1s great, and a small part of differential signal terminals
are exposed to atr, so that the insertion loss, the return loss and
the crosstalk of the high frequency signal in a transmission
process are atlected, which 1s adverse to transmission of the
high frequency signal.

Therefore, a heretofore unaddressed need exists 1n the art
to address the atorementioned deficiencies and mnadequacies.

SUMMARY OF THE INVENTION

In one aspect, the present invention 1s directed to an elec-
trical connector, where differential signal terminals of the
clectrical connector are exposed to air to a great extent, so as
to eflectively improve the high frequency performance
thereol.

In one embodiment, an electrical connector includes a
body, a row of first terminals insert-molded 1n the body, a
depressed slot, and at least one positioning slot. The body
includes a tongue extending along a direction from front to
rear. The tongue has a first surface, and multiple recerving,
slots are depressed from the first surface. Each of the first
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terminals has a contact portion correspondingly accommo-
dated in one of the recerving slots and exposed from the first
surface. The row of first terminals 1ncludes a pair of differen-
tial signal terminals for transmitting a high-speed signal and
multiple non-high-speed terminals. The depressed slot 1s
depressed from the first surface, and located between contact
portions of two differential signal terminals. The depressed
slot 1s 1n communication with two adjacentrecerving slots. At
least one positioning slot 1s depressed from the first surface.
The positioning slot 1s located between contact portions of
two adjacent non-high-speed terminals, or located between a
contact portion of a non-high-speed terminal and a contact
portion of a differential signal terminal adjacent to each other.
The positioning slot 1s 1n communication with two adjacent
receiving slots. The length of the positioning slot along the
direction from front to rear 1s less than the length of the
depressed slot along the direction from front to rear.

In one embodiment, side surfaces directly facing each
other of contact portions of two differential signal terminals
are exposed to the depressed slot.

In one embodiment, the multiple non-high-speed terminals
are separately located at two sides of the pair of differential
signal terminals. One such positioning slot 1s disposed
between contact portions of two adjacent non-high-speed
terminals, and one such positioning slot 1s disposed between
contact portions of adjacent a non-high-speed terminal and a
first differential signal terminal. The length of all of the posi-
tioning slots along the direction from front to rear 1s less than
the length of the depressed slot along the direction from front
to rear.

In one embodiment, the tongue has a second surface oppo-
site to the first surface. The second surface 1s provided with a
row ol second terminals. Arrangement of the second termi-
nals on the second surface and arrangement of the first termi-
nals on the first surface are centrosymmetrical. A middle
shielding sheet 1s disposed 1n the tongue and located between
the first terminals and the second terminals. The depressed
slot1s depressed from the first surface and extends to a surface
of the middle shielding sheet.

In one embodiment, the depressed slot runs forward
through a front end of the tongue. The length of the depressed
slot along the direction from front to rear 1s greater than the
length of the contact portion of the differential signal terminal
along the direction from front to rear. A front end of the
depressed slot goes forward beyond a front end of the contact
portion of the differential signal terminal, and arear end of the
depressed slot goes backward beyond a rear end of the contact
portion of the differential signal terminal.

In one embodiment, the tongue has a second surface dis-
posed opposite to the first surface. A groove 1s further
depressed toward the second surface from each of the receiv-
ing slots at which the two differential signal terminals are
located, and the groove 1s in communication with the receiv-
ing slot. The second surface 1s provided with a row of second
terminals. Arrangement of the second terminals on the second
surface and arrangement of the first terminals on the first
surface are centrosymmetrical. The groove runs through to
the second surface. A middle shielding sheet1s disposed in the
middle of the tongue and located between the first terminal
and the second terminal. A location on the middle shielding
sheet corresponding to the groove 1s provided with a hollow
portion.

In another aspect, the present invention 1s directed to an
electrical connector. In one embodiment, an electrical con-
nector includes a body, a row of terminals fixedly disposed at
the body, and a depressed slot. The body includes a tongue
extending along a direction from front to rear. The tongue 1s
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provided with multiple recerving slots. Each of the terminals
has a contact portion correspondingly accommodated in one
of the receiving slots. The row of terminals includes a pair of
differential signal terminals. The depressed slot 1s disposed at
the tongue and located between contact portions of two dii-
terential signal terminals. The depressed slot 1s 1n communi-
cation with two adjacent recerving slots of the receiving slots.

In one embodiment, the tongue has an upper surface and a
lower surface opposite to each other. The upper surface and
the lower surface are each provided with a row of terminals,
and the upper and lower rows of terminals are centrosym-
metrically arranged.

In one embodiment, the depressed slot 1s depressed from
the upper surface and/or lower surface of the tongue. The
depth of the depressed slot 1n a vertical direction 1s greater
than the thickness of the contact portion 1n the vertical direc-
tion. The tongue 1s provided with a through slot runmng
through the upper surface and the lower surface. The through
slot 1s located between differential signal terminals of the
upper and lower rows of terminals, and the through slot 1s in
communication with the receiving slot. A middle shielding
sheet 1s disposed 1n the tongue and located between two rows
of terminals. A location on the middle shielding sheet corre-
sponding to the through slot 1s provided with a hollow por-
tion.

In one embodiment, the depressed slot runs forward
through a front end of the tongue.

In one embodiment, the row of terminals further includes
non-high-speed terminals located at two sides of the differ-
ential signal terminal pair. A positioning slot 1s disposed
between contact portions of two adjacent non-high-speed
terminals, and a positioning slot 1s disposed between a contact
portion of a non-high-speed terminal and a contact portion of
a first ditferential signal terminal adjacent to each other. The
positioning slot 1s in communication with two adjacent
receiving slots. The length of the positioning slot along the
direction from {front to rear is less than the length of the
depressed slot along the direction from front to rear.

Compared with the related art, 1n certain embodiments of
the present invention, by disposing a depressed slot on the
tongue corresponding to a location between two contact por-
tions of a pair of differential signal terminals, plastic materi-
als around the two differential signal terminals are reduced,
so that the two differential signal terminals are exposed to air
as much as possible, thereby effectively reducing the mnser-
tion loss and the return loss of a high frequency signal during,
transmission in these terminals.

These and other aspects of the present mvention will
become apparent from the following description of the pre-
ferred embodiment taken in conjunction with the following
drawings, although variations and modifications therein may
be effected without departing from the spirit and scope of the
novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate one or more
embodiments of the ivention and together with the written
description, serve to explain the principles of the mvention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment.

FI1G. 1 1s a schematic exploded view and a partial enlarged
view ol an electrical connector according to a first embodi-
ment of the present invention.
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FIG. 2 1s a schematic view obtained after upper and lower
rows of terminals are fixed to a body, and upper and lower
shielding sheets are fixed to the body 1n FIG. 1.

FIG. 3 1s a sectional view obtained alfter a metal casing 1s
assembled to the body in FIG. 2.

FIG. 4 1s a sectional view obtained after terminals are
hidden in FIG. 3.

FIG. § 1s a top sectional view obtained after a metal casing,
1s assembled to the body 1n FIG. 2.

FIG. 6 15 a top sectional view of an electrical connector
according to a second embodiment of the present invention.

FI1G. 7 1s a bottom sectional view of the electrical connector

of FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s more particularly described 1n the
following examples that are intended as 1llustrative only since
numerous modifications and variations therein will be appar-
ent to those skilled 1n the art. Various embodiments of the
invention are now described 1n detail. Referring to the draw-
ings, like numbers 1ndicate like components throughout the
views. As used 1n the description herein and throughout the
claims that follow, the meaning of “a”, “an”, and “the”
includes plural reference unless the context clearly dictates
otherwise. Also, as used in the description heremn and
throughout the claims that follow, the meaning of “in”
includes “in” and “on” unless the context clearly dictates
otherwise. Moreover, titles or subtitles may be used in the
specification for the convenience of areader, which shall have
no influence on the scope of the present invention.

It will be understood that when an element 1s referred to as
being “on” another element, it can be directly on the other
clement or intervening elements may be present therebe-
tween. In contrast, when an element 1s referred to as being
“directly on” another element, there are no intervening ele-
ments present. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
clement’s relationship to another element as illustrated 1n the
Figures. It will be understood that relative terms are intended
to encompass different orientations of the device i addition
to the orientation depicted 1n the Figures. For example, 11 the
device 1n one of the figures 1s turned over, elements described
as being on the “lower” side of other elements would then be
oriented on “upper” sides of the other elements. The exem-
plary term “lower”, can therefore, encompasses both an ori-
entation of “lower” and “upper,” depending of the particular
orientation of the figure. Similarly, 11 the device 1n one of the
figures 1s turned over, elements described as “below” or
“beneath” other elements would then be oriented “above” the
other elements. The exemplary terms “below” or “beneath”
can, therefore, encompass both an orientation of above and
below.

As used herein, “around”, “about” or “approximately”
shall generally mean within 20 percent, preferably within 10
percent, and more preferably within 5 percent of a given value
or range. Numerical quantities given herein are approximate,
meaning that the term “around”, “about” or “approximately”
can be mferred if not expressly stated.

As used herein, the terms “comprising”, “including”, “car-
rying”’, “having”’, “containing”’, “imnvolving”, and the like are
to be understood to be open-ended, 1.e., to mean including but
not limited to.
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The description will be made as to the embodiments of the
present invention in conjunction with the accompanying
drawings 1n FIGS. 1-7. In accordance with the purposes of
this invention, as embodied and broadly described herein, this
invention, 1 one aspect, relates to an electrical connector.

As shown 1n FIG. 1 to FIG. 5, an electrical connector
according to a first embodiment of the present invention
includes a body 1, multiple terminals 2 fixedly disposed in the
body 1, and a metal casing 3 covering the body 1.

Referring to FIG. 1 to FIG. 4, the body 1 1s made of a plastic
material, includes a base 10 and a tongue 11 extending for-
ward from the base 10. The thickness of the base 10 1n a
vertical direction 1s greater than the thickness of the tongue
11. The entire tongue 11 1s rectangular along a direction from
front to rear, and the tongue 11 has an upper surface 112 and
a lower surface 114 opposite to each other. The tongue 11
turther has a direction from left to right perpendicular to the
direction from front to rear and the direction from top to
bottom (the vertical direction). For convenience of under-
standing, as shown 1n a three-dimensional coordinate system
in FIG. 1, an X axis denotes a forward direction, a Y axis
denotes a rightward direction, and a Z axis denotes an upward
direction.

Multiple first receiving slots 14 are depressed from the
upper surface 112 downward. Multiple second recerving slots
15 are further depressed from the lower surface 114 upward.
The first receiving slots 14 and the second recerving slots 15
are used for accommodating a part of the terminals 2. The first
receiving slot 14 has a bottom wall 140, the second receiving
slot 15 has a top wall 150, and the depth of the {irst receiving
slot 14 and the second recerving slot 15 1s roughly consistent
with the thickness of the terminal 2, and may be entered by the
terminal 2, so that the terminals 2 are accommodated 1n the
first recerving slots 14 and the second recerving slots 15.
Meanwhile a part of each of the terminals 2 1s exposed from
the upper surface 112 and the lower surface 114 of the tongue
11. Four of the first receiving slots 14 and four of the second
receiving slots 15 are used for accommodating high-speed
differential signal terminals, and the four first recerving slots
14 and the four second receiving slots 15 are disposed at left
and right sides of the tongue 11 pairwise.

A first groove 12 1s further depressed from each of the
foregoing four first receiving slots 14 downward and 1s 1n
communication with the first receiving slot 14, and the first
grooves 12 are filled with air. The four first grooves 12 are
disposed on the upper surface 112 of the tongue 11 in two
pairs, and the two pairs of first grooves 12 are separated by a
distance. Correspondingly, a second groove 13 1s further
depressed from each of the foregoing four second receiving
slots 15 upward and 1s 1n communication with the second
receiving slot 15, and the second grooves 13 are likewise
filled with air. The four second grooves 13 are disposed on the
lower surface 114 of the tongue 11 1n two pairs, and the two
pairs of second grooves 13 are separated by a distance. The
first grooves 12 and the second grooves 13 are corresponding
in upper and lower locations, and extend along the direction
from front to rear to be lengthwise rectangular. This embodi-
ment serves as a preferable implementation manner, and to
reduce the plastic amount at the location as much as possible,
cach of the first grooves 12 1s 1n communication with the
corresponding second groove 13 downward, thereby forming
a through slot running through the upper and lower surfaces
112 and 114 of the tongue 11.

The depth of the four first recerving slots 14 and the four
second receiving slots 135 1n the vertical direction 1s far less
than the depth of the first groove 12 and the second groove 13.
Meanwhile, the width of the foregoing four first receiving
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slots 14 1n the direction from left nghtward 1s greater than the
width of the first grooves 12, and the width of the second
receiving slots 15 1n the direction from left rightward 1s
greater than the width of the second grooves 13, thereby
forming a step between the bottom wall 140 of the first receiv-
ing slot 14 and the side wall of the corresponding first groove
12, and also forming a step between the top wall 150 of the
second receiving slot 15 and the side wall of the correspond-
ing second groove 13.

The multiple terminals 2 are divided into upper and lower
rows 2A and 2B which are respectively fixedly disposed in the
body 1. Each row of the terminals 2 includes high-speed
terminals and non-high-speed terminals, where the high-
speed terminals are differential signal terminals for transmit-
ting a USB 3.0 signal. The upper row of the terminals 2A
includes a pair of first differential signal terminals 21, and
cach of the first differential signal terminals 21 has a first
contact portion 210 fixed to and exposed from the upper
surface 112 of the tongue 11. The first contact portion 210 1s
partially accommodated in the first recerving slot 14, 1s cor-
respondingly located above one of the first grooves 12,
extends 1n a flat plate shape along the direction from front to
rear, and therefore may cover the top opening of the entire first
groove 12, so that the bottom surface of the first contact
portion 210 1s at least partially exposed to the air 1n the first
groove 12. Correspondingly, the lower row of terminals 2B
includes a pair of second differential signal terminals 22, and
cach of the second differential signal terminals 22 has a
second contact portion 220 fixed to and exposed from the
lower surface 114 of the tongue 11. The second contact por-
tion 220 1s partially accommodated 1n the second recerving
slot 15, 15 correspondingly located below one of the second
grooves 13, extends 1n a flat plate shape along the direction
from front to rear, and therefore may cover the bottom open-
ing of the entire second groove 13, so that the top surface of
the second contact portion 220 1s at least partially exposed to
the air in the second groove 13. In this embodiment, the upper
row of terminals 2A 1s insert-molded 1n the body 1, while the
lower row of terminals 2B 1s assembled to the lower surface
114 of the tongue 11 upward from the bottom of the body 1.
The two pairs of first grooves 12 corresponding to the upper
surface 112 of the tongue 11 are disposed with two pairs of
first differential signal terminals 21, and non-high-speed ter-
minals are at two sides of each pair of first differential signal
terminals 21. The two pairs of second grooves 13 correspond-
ing to the lower surface of the tongue 11 are provided with
two pairs ol second differential signal terminals 22, and non-
high-speed terminals are also at two sides of each pair of
second differential signal terminals 22. More specifically, the
upper and lower rows of terminals 2A and 2B on the upper
and lower surfaces 112 and 114 are centrosymmetrically dis-
posed. Each row of terminals 2A or 2B is sequentially pro-
vided from left to right with a grounding terminal, a pair of
USB 3.0 terminals, a power supply terminal, a reserved ter-
minal, a pair of USB 2.0 terminals, a reserved terminal, a
power supply terminal, a pair of USB 3.0 terminals, and a
grounding terminal.

The first contact portion 210 1s partially accommodated 1n
the first recerving slot 14, the bottom surface of the first
contact portion 210 1s supported by the bottom wall 140 of the
first recerving slot 14, and the top surface of the first contact
portion 210 1s exposed from the upper surface 112 of the
tongue 11. The first contact portion 210 has a first contact
location used for contacting a mating element (not shown),
and the first recerving slot 14 1s located right below the first
contact location. The second contact portion 220 1s partially
accommodated in the second recerving slot 15, the top surface
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ol the second contact portion 220 1s supported by the top wall
150 of the second recetving slot 15, and the bottom surface of
the second contact portion 220 1s exposed from the lower
surface 114 of the tongue 11. The second contact portion 220
has a second contact location used for contacting a mating
clement, and the second receiving slot 15 1s located right
above the second contact location. Both the first contact por-
tion 210 and the second contact portion 220 according to
certain embodiment of the present invention are 1n a flat plate
shape, and contact an elastic contact portion (not shown) bent
in an arc shape on a mating terminal (not shown). When the
clastic contact portion of the mating terminal 1s pressed
against the first contact portion 210 and the second contact
portion 220 1n the tlat plate shape, the bottom wall 140 of the
first recerving slot 14 and the top wall 150 of the second
receiving slot 15 may play a role of supporting the first con-
tact portion 210 and the second contact portion 220 respec-
tively, so as to prevent the first contact portion 210 and the
second contact portion 220 from being depressed toward the
center of the tongue 11, thereby avoiding that the first contact
portion 210 and the second contact portion 220 are discon-
nected from the mating terminal.

A middle shielding sheet 4 located between the upper and
lower rows of terminals 2A and 2B 1s further mnsert-molded 1n
the body 1 according to certain embodiments of the present
invention. The middle shielding sheet 4 1s made of a metal
material, and includes a main body portion 40 which 1s rect-
angular along the direction from front to rear, and two weld-
ing feet 41 bent downward and extending from a rear end of
the main body portion 40 separately. The welding foot 41 1s
used for conducting a grounding path in a circuit board (not
shown). The main body portion 40 of the middle shielding
sheet 4 1s located between the first differential signal termi-
nals 21 and the second differential signal terminals 22, and 1s
used for shielding an interference signal between the first
differential signal terminals 21 and the second differential
signal terminals 22, so as to alleviate crosstalk of a high
frequency signal during the transmission process. In this
embodiment, the middle shielding sheet 4 and the upper row
of terminals 2A are jointly insert-molded 1n the tongue 11,
while the lower row of terminals 2B 1s assembled to the lower
surface 114 of the tongue 11 upward from the bottom of the
body 1. To provide convenience for a die to position the upper
row of terminals 2A 1n the 1nsert-mold process, a location on
the main body portion 40 of the middle shielding sheet 4
corresponding to the first groove 12 and the second groove 13
1s provided with a hollow portion 42, and the hollow portion
42 enables the first groove 12 and the second groove 13 to be
in communication with each other, and also provides conve-
nience for a positioning pin of the die to be mserted from the
lower surface 114 of the tongue 11 to press against the bottom
surface of the first differential signal terminals 21 to position
the first differential signal terminals 21, so that subsequently
plastic 1s 1njected 1nto a cavity of the die to form the body 1.
The length of the hollow portions 42 1n the direction from
front to rear and the width thereof 1n the direction from left to
right are slightly greater than those of the corresponding first
groove 12 and second groove 13, and are also slightly greater
than those of the corresponding first contact portion 210 and
second contact portion 220.

Referring to FI1G. 2 to FIG. 5, to further increase the expo-
sure arca of each differential signal terminal 1n the air, and
reduce the loss of a high frequency signal between two ter-
minals of a pair of differential signal terminals as much as
possible, a depressed slot 16 1s further depressed from the
upper surface 112 of the tongue 11 between two first difier-
ential signal terminals 21. The depressed slot 16 1s 1n com-
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munication with two adjacent first receiving slots 14, and side
surfaces directly facing each other of the first contact portions
210 of the two first differential signal terminals 21 are
exposed to the depressed slot 16, so that the side surfaces are
at least partially exposed to the air. To make the side surfaces
be exposed to the air as much as possible, the depressed slot
16 1s depressed downward from the upper surface 112 and
extends to the upper surface of the middle shielding sheet 4,
and the depth thereof 1s greater than the thickness of the first
contact portions 210 in the vertical direction.

In one embodiment, multiple positioning slots 17 are fur-
ther depressed from the upper surtace 112. The positioning
slots 17 are located between two adjacent non-high-speed
terminals and between a non-high-speed terminal and a first
differential signal terminal 21 adjacent to each other. The
positioning slots 17 are also 1n communication with the two
adjacent first recerving slots 14. In the process of 1nsert-
molding the upper row of terminals 2A, the positioning pin of
the die may be inserted into left and right sides (that 1s,
locations of the positioning slots 17) of each terminal 2 from
the upper surface 112 of the tongue 11, thereby limiting each
terminal 2 1n the horizontal direction, so as to prevent the
terminals 2 from being deformed or warped due to a high
temperature when a fused plastic material 1s 1njected. The
length of at least one positioning slot 17 along the direction
from front to rear 1s less than the length of the depressed slot
16 along the direction from front to rear. To make the differ-
ential signal terminals be exposed to the air as much as pos-
sible, the depressed slot 16 1s set to be long, and meanwhile,
in order to prevent interference between non-high-speed ter-
minals, and interference between a non-high-speed terminal
and a first differential signal terminal 21, the positioning slot
17 1s set to be short as much as possible, so that in this
embodiment, the length of all of the positioning slots 17 1s
less than the length of the depressed slots 16. For convenience
of reserving a small part of plastic to fix the first contact
portions 210, the whole length of the depressed slot 16 1s less
than the length of the corresponding first contact portions
210. As shown 1n FIG. §, the rear end of the depressed slots 16
goes backward beyond the rear end of the first contact por-
tions 210 of the first differential signal terminals 21, but the
front end of the depressed slots 16 does not go forward
beyond the front end of the first contact portions 210 of the
first differential signal terminals 21, and the whole length
thereot 1s less than the length of the first contact portions 210.

In one embodiment, an upper shielding sheet 5 and a lower
shielding sheet 6 are separately disposed on the body 1. The
upper and lower shielding sheets 5 and 6 are buckled and
connected at a side of the tongue 11 by using a buckling
structure. The upper and lower shielding sheets 5 and 6
respectively have urging portions 50 and 60 fixed to surfaces
of the base 10 of the body 1. Fixing portions 51 and 61
covering the upper and lower surfaces 112 and 114 of the
tongue 11 separately extend forward from the urging portions
50 and 60. Moreover, the urging portions 50 and 60 of the
upper and lower shielding sheets 5 and 6 separately contact
the metal casing 3, and are used for implementing grounding
conduction. The metal casing 3 includes an inner shell 30 and
an outer shell 31 covering the mnner shell 30. The inner shell
30 1s cylindrical and covers the entire body 1, and a front end
opening thereotf 1s used for the mating element to be mserted
therein. The outer shell 31 may be fixed to the iner shell 30
in a spot welding or another manner, and DIP-type welding
feet extend downward from two sides of the outer shell 31,
and are used for electrically conducting the grounding path on
the circuit board.




US 9,231,356 Bl

9

The molding manner of the electrical connector according,
to certain embodiments of the present invention 1s roughly as
follows.

First, multiple terminals 2 are divided into an upper row
and a lower row, which are each 1nsert-molded at an insula-
tion block 7, so that these terminals 2 and the insulation
blocks 7 form an upper terminal module and a lower terminal
module. Secondly, the upper terminal module and a middle
shielding sheet 4 are jointly insert-molded 1n a body 1, so that
the terminals 2 1n the upper terminal module are exposed from
an upper surface 112 of a tongue 11, and the middle shielding
sheet 4 1s fixedly disposed in the middle of the tongue 11.
Then, the lower terminal module 1s assembled to a lower
surface 114 of the tongue 11 upward. After that, upper and
lower shielding sheets 5 and 6 are respectively fixed to the
upper and lower surfaces of the body 1, and are buckled to
cach other. Finally, a metal casing 3 sleeves the body 1, so that
an 1mner shell 30 separately contacts the upper and lower
shielding sheets 5 and 6.

FIG. 6 and FIG. 7 show a second embodiment of an elec-
trical connector of the present invention. A first difference
between the second embodiment and the first embodiment
lies 1n that the depressed slot 16 runs forward through a front
end of the tongue 11. Specifically, the depressed slot 16 1s
depressed from the upper surface 112. The depressed slot 16
extends downward to the upper surface of the middle shield-
ing sheet 4. The depth thereot 1s greater than the thickness of
the first contact portions 210 in the vertical direction. The
length of the depressed slot 16 along the direction from front
to rear 1s greater than the length of the first contact portions
210 of the first differential signal terminals 21 along the
direction from front to rear. The front end of the depressed slot
16 goes forward beyond the front end of the first contact
portions 210 of the first differential signal terminals 21, and
the rear end of the depressed slot 16 goes backward beyond
the rear end of the first contact portion 210s of the first
differential signal terminals 21.

As shown 1n FIG. 7, a second difference between this
embodiment and the first embodiment lies 1n that the lower
surface 114 of the tongue 11 i1s also provided with the
depressed slot 16 running forward through between the sec-
ond contact portions 220 of each pair of second differential
signal terminals 22. The depressed slot 16 1s depressed
upward from the lower surface 114 and extends to the lower
surface of the middle shielding sheet 4 (that 1s, the depressed
slot 16 of the upper surface 112 of the tongue 11 and the
depressed slot 16 of the lower surface 114 are separated by the
middle shielding sheet 4), and the depth thereof 1s greater than
the thickness of the second contact portions 220 1n the vertical
direction. The length of the depressed slot 16 along the direc-
tion from front to rear 1s greater than the length of the second
contact portions 220 of the second differential signal termi-
nals 22 along the direction from front to rear, the front end of
the depressed slot 16 goes forward beyond the front end of the
second contact portions 220 of the second differential signal
terminals 22, and the rear end of the depressed slot 16 goes
backward beyond the rear end of the second contact portions
220 of the second differential signal terminals 22. The fore-
going depressed slot 16 running forward through the front end
of the tongue 11 may be formed by placing the entirety of the
terminals 2 and the body 1 at a milling machine and machin-
ing the designated location of the body 1 by using a milling
cutter after the terminals 2 are fixed to the body 1.

In this embodiment, each depressed slot 16 runs forward
through the front end of the tongue 11, and therefore side
surfaces directly facing each other of the contact portions 210
and 220 of each pair of differential signal terminals 21 and 22
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are all basically exposed to the air, so as to sufliciently
increase the exposure extent of the differential signal termi-
nals 1n the air, and more effectively reduce the mnsertion loss
and the return loss of the high frequency signal during trans-
mission in these terminals.

In other embodiments, both the upper row of terminals 2A
and the lower row of terminals 2B may also be fixed to the
tongue 11 1n an assembly manner, the middle shielding sheet
4 may also be not provided with any hollow portion 42, and
the first groove 12 may also be not in communication with the
second groove 13.

Certain embodiments of the present invention, among,
other things, have the following beneficial advantages.

1. A depressed slot 16 1s correspondingly disposed in a
tongue 11 between two first contact portions 210 of a pair of
first differential signal terminals 21, and plastic matenals
around the two first differential signal terminals 21 are
reduced, so that the two first differential signal terminals 21
are exposed to the air as much as possible, thereby effectively
reducing the msertion loss and the return loss of a high fre-
quency signal during transmission 1n these terminals.

2. The length of the positioning slot 17 1s less than the
length of the depressed slot 16, to make the depressed slot 16
be set to be as long as possible, and the positioming slot 17 be
set to be as short as possible, so that interference between
non-high-speed terminals, and interference between a non-
high-speed terminal and a first differential signal terminal 21
may be prevented.

3. The middle shielding sheet 4 1s disposed between the
upper and lower rows of terminals 2A and 2B, so that the
middle shielding sheet 4 can shield an interference signal
between different upper and lower differential signal terminal
pairs, so as to alleviate crosstalk in the process of transmitting,
a high frequency signal.

4. Side surfaces directly facing each other of the first con-
tact portions 210 of the two first differential signal terminals
21 are exposed to the depressed slot 16, so that the side
surfaces are at least partially exposed to the air. The depressed
slot 16 1s depressed downward from the upper surface 112 and
extends to the upper surface of the middle shielding sheet 4,
and the depth thereof 1s greater than the thickness of the first
contact portions 210 in the vertical direction, so that the side
surfaces may be exposed to the air as much as possible, so as
to more effectively reduce the insertion loss and the return
loss of the high frequency signal during transmission 1n these
terminals.

5. The upper surface 112 and the lower surface 114 of the
tongue 11 are respectively provided with the first recerving
slots 14 and the second recerving slots 135 corresponding to
the first differential signal terminals 21 and the second difier-
ential signal terminals 22, so when the elastic contact portion
of the mating terminal 1s pressed against the {first contact
portions 210 and the second contact portions 220 1n a flat plate
shape, the bottom walls 140 of the first receiving slots 14 and
the top walls 150 of the second receiving slots 15 may play a
role of supporting the corresponding first contact portions
210 and the second contact portions 220, thereby preventing
the first contact portions 210 and the second contact portions
220 from being depressed toward the center of the tongue 11,
so as to avoid that the first contact portions 210 and the second
contact portions 220 are disconnected from the mating termi-
nal.

6. A molding manner 1n which both the middle shielding
sheet 4 and the upper row of terminals 2A are 1nsert-molded
in the tongue 11, and the second differential signal terminals
22 are assembled to the lower surface 114 1s most preferably
used 1n certain embodiments of the present ivention. Com-
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pared with a manner 1n which the upper and lower rows of
terminals 2A and 2B are fixed to the tongue 11 1n an assembly
manner, this manner can ensure the strength of the tongue 11
(since the tongue 11 needs to be thinned or dug when the
upper and lower terminal modules are assembled to the
tongue 11). Compared with a manner in which the upper and
lower rows of terminals 2A and 2B are fixed to the tongue 11
in an 1sert-mold manner, this manner may ensure that the
terminals 2 are stably held and not damaged on the tongue 11
(since two sets of dies are required to position the upper and
lower rows of terminals when the upper and lower terminal
modules and the tongue 11 are combined 1n an msert-mold
manner, and the dies easily crush terminals in the second
molding process). Meanwhile production costs are reduced.

7. The depressed slot 16 runs forward through the front end
of the tongue 11, the length of the depressed slot 16 along the
direction from front to rear 1s greater than the length of the
corresponding first contact portions 210 of the first differen-
t1al signal terminals 21 along the direction from front to rear,
the front end of the depressed slot 16 goes forward beyond the
front end of the corresponding first contact portions 210 of the
first differential signal terminals 21, and the rear end of the
depressed slot 16 goes backward beyond the rear end of the
corresponding first contact portions 210 of the first differen-
tial signal terminals 21, so that side surfaces directly facing
cach other of the contact portions 210 and 220 of the pairs of
first and second differential signal terminals 21 and 22 are all
basically exposed to the air, so as to sufliciently increase the
exposure extent of the differential signal terminals 1n the air,
and more effectively reduce the mnsertion loss and the return
loss of the high frequency signal during transmission 1n these
terminals.

The foregoing description of the exemplary embodiments
of the mvention has been presented only for the purposes of
illustration and description and 1s not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed.
Many modifications and variations are possible in light of the
above teaching.

The embodiments are chosen and described 1n order to
explain the principles of the invention and their practical
application so as to activate others skilled 1n the art to utilize
the mvention and various embodiments and with various
modifications as are suited to the particular use contemplated.
Alternative embodiments will become apparent to those
skilled 1n the art to which the present invention pertains with-
out departing from 1ts spirit and scope. Accordingly, the scope
of the present invention 1s defined by the appended claims

rather than the foregoing description and the exemplary
embodiments described therein.

What is claimed 1s:

1. An electrical connector, comprising:

a body having a tongue extending along a direction from
front to rear, wherein the tongue comprises a {irst sur-
face, and a plurality of receiving slots are depressed from
the first surface;

a row ol first terminals isert-molded 1n the body, wherein
cach of the first terminals has a contact portion respec-
tively accommodated in one of the receiving slots and
exposed from the first surface, and the row of first ter-
minals comprises a pair of differential signal terminals
for transmitting a high-speed signal and a plurality of
non-high-speed terminals;

a depressed slot, depressed from the first surface, and
located between the contact portions of the two differ-
ential signal terminals, wherein the depressed slot 1s 1n
communication with two adjacent receiving slots of the
receiving slots; and
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at least one positioming slot depressed from the first sur-
face, wherein the positioming slot 1s located between the
contact portions of two adjacent non-high-speed termi-
nals, or located between contact portions of one of the
non-high-speed terminals and one of the pair of differ-
ential signal terminal adjacent to each other, and the
positioning slot 1s 1n communication with two adjacent
receiving slots,

wherein a length of the positioning slot along the direction

from front to rear is less than a length of the depressed
slot along the direction from front to rear.

2. The electrical connector according to claim 1, wherein
side surfaces directly facing each other of contact portions of
two differential signal terminals are exposed to the depressed
slot.

3. The electrical connector according to claim 1,

wherein the plurality of non-high-speed terminals are

respectively located at two sides of the pair of differen-
t1al signal terminals;

wherein one of the at least one positioning slot 1s disposed

between the contact portions of two adjacent non-high-
speed terminals, and another one of the at least one
positioming slot 1s disposed between contact portions of
one of the non-high-speed terminals and one of the pair
of differential signal terminals adjacent to each other;
and

wherein the length of all of the positioning slots along the

direction from front to rear 1s less than the length of the
depressed slot along the direction from front to rear.

4. The electrical connector according to claim 1, wherein
the depressed slot runs forward through a front end of the
tongue.

5. The electrical connector according to claim 1, wherein
the length of the depressed slot along the direction from front
to rear 1s greater than a length of the contact portion of the
differential signal terminal along the direction from front to
rear.

6. The electrical connector according to claim 1, wherein a
front end of the depressed slot goes forward beyond front
ends of the contact portions of the differential signal termi-
nals, and a rear end of the depressed slot goes backward
beyond rear ends of the contact portions of the differential
signal terminals.

7. The electrical connector according to claim 1, wherein
the tongue has a second surface opposite to the first surface,
the second surface i1s provided with a row of second terminals,
and arrangement of the second terminals on the second sur-
face and arrangement of the first terminals on the first surface
are centrosymmetrical.

8. The electrical connector according to claim 7, further
comprising a middle shielding sheet disposed 1n the tongue
and located between the first terminals and the second termi-
nals.

9. The electrical connector according to claim 8, wherein
the depressed slot extends to a surface of the middle shielding
sheet.

10. The electrical connector according to claim 1, wherein
the tongue has a second surface opposite to the first surface,
and a groove 1s further depressed toward the second surface
from each of the recerving slots at which the two differential
signal terminals are located, and the groove 1s 1n communi-
cation with the receiving slot.

11. The electrical connector according to claim 10,
wherein the second surface 1s provided with a row of second
terminals, arrangement of the second terminals on the second
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surface and arrangement of the first terminals on the first
surface are centrosymmetrical, and the groove runs through
to the second surface.

12. The electrical connector according to claim 11, further
comprising a middle shielding sheet disposed 1n the middle of
the tongue and located between the first terminals and the
second terminals, wherein a location on the middle shielding
sheet corresponding to the groove 1s provided with a hollow
portion.

13. An electrical connector, comprising:

a body having a tongue extending along a direction from

front to rear and a plurality of receiving slots disposed 1n

the tongue;
a row ol terminals fixedly disposed at the body, wherein

cach of the terminals has a contact portion accommo-
dated 1n one of the recerving slots respectively, and the
row of terminals comprises a pair of differential signal
terminals; and

a depressed slot, disposed at the tongue, and located

between the contact portions of the two differential sig-
nal terminals, wherein the depressed slot 1s in commu-
nication with two adjacent receiving slots of the receiv-
ing slots,

wherein the tongue has an upper surface and a lower sur-

face opposite to each other, the upper surface and the
lower surface are each provided with the row of termi-
nals, and the upper and lower rows of terminals are
centrosymmetrically arranged.

14. The celectrical connector according to claim 13,
wherein the depressed slot 1s depressed from at least one of
the upper surface and the lower surface of the tongue.

15. The celectrical connector according to claim 13,
wherein a depth of the depressed slot 1n a vertical direction 1s
greater than a thickness of the contact portion in the vertical
direction.

16. The celectrical connector according to claim 13,
wherein the depressed slot runs forward through a front end of
the tongue.
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17. The electrical connector according to claim 13,
wherein the tongue comprises a through slot running through
the upper surface and the lower surface, the through slot 1s
located between diflerential signal terminals of the upper and
lower rows of terminals, and the through slot 1s 1n communi-
cation with the recerving slot.

18. The electrical connector according to claim 17, further
comprising a middle shielding sheet disposed in the tongue
and located between two rows of terminals, wherein a loca-
tion on the middle shielding sheet corresponding to the
through slot 1s provided with a hollow portion.

19. An electrical connector, comprising:

a body having a tongue extending along a direction from

front to rear and a plurality of receiving slots disposed 1n

the tongue;

a row ol terminals fixedly disposed at the body, wherein
cach of the terminals has a contact portion accommo-
dated 1n one of the recetving slots respectively, and the
row of terminals comprises a pair of differential signal
terminals; and

a depressed slot, disposed at the tongue, and located
between the contact portions of the two differential sig-
nal terminals, wherein the depressed slot 1s in commu-
nication with two adjacent receiving slots of the recerv-
ing slots,

wherein the row of terminals further comprises non-high-
speed terminals located at two sides of the pair of dif-
ferential signal terminals;

wherein a positioning slot 1s disposed between each of the
contact portions of two adjacent non-high-speed termi-
nals, and between the contact portion of one of the
non-high-speed terminals and one of the differential
signal terminals adjacent to each other, each positioning
slot 1s 1n communication with two adjacent receiving
slots; and

wherein a length o the positioning slots along the direction
from front to rear is less than a length of the depressed
slots along the direction from front to rear.
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